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ON  ALBUMINOLYSINS  AND  THEIR  RELATION TO 
PRECIPITIN  REACTIONS.* 
BY  HANS  ZINSSER, M.D. 
(From the Division of Bacteriology, Department of  Medicine, Stanford 
University, California.) 
Much of the information that has been gained concerning antigen- 
antibody reactions, though primarily suggested by purely bacterio- 
logical investigations has been worked out in detail by the use of 
antigens of other than bacterial  origin.  Thus, much aid has been 
given to  our  comprehension of  toxin-antitoxin phenomena by  in- 
vestigations  on  ricin  and  similar  poisons;  our  knowledge of  the 
amboceptor-complement reactions  has  been  developed  largely  by 
studies in which red blood cells have been used as antigen; and our 
information regarding precipitin reactions  is  largely the  result  of 
studies carried on with unformed proteid antigens, such as animal 
sera, egg albumen, and others. 
The  great  similarity  in  the  response  of  animals  to  treatment 
with  antigens  from various  sources  has  led  to  the  recognition of 
certain broad  principles  of  antibody  formation which  have  often 
been  used  to  justify  theoretical  opinions  not  amenable  to  direct 
experimentation.  Thus  recent  theories  of  anaphylaxis  and  im- 
munity have  utilized  the  assumption of  the  existence of  so-called 
albuminolysins, bodies analogous to the sensitizers, or amboceptors, 
known to  react  with  cellular  antigens,  reacting  in this  case,  how- 
ever, with unformed proteids.  Such albuminolysins form the key- 
stone  of  Nicolle's  (I)  theories  concerning  anaphylaxis  and  im- 
munity, and they recur in principle in the theories of Vaughan and 
Wheeler  (2),  Wolff-Eisner  (3),  and others. 
Nevertheless,  the conception that  such  albuminolytic bodies  are 
completely analogous  to  the  bacteriolytic  or  cytolytic  sensitizers 
must be  regarded at  the present time as  purely hypothetical. 
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In  19o2,  Gengou  (4)  showed  that  mixtures  of  milk,  serum,  egg-white, 
fibrinogen, animal sera,  etc.,  with  their  specific  antisera, gave  rise  not only to 
precipitates, but formed  combinations which  possessed  the  power  of  absorbing 
complement.  He concluded from his experiments that the treatment of animals 
with  unformed proteids  resulted  in the  formation not  only of  p  recipitins, but 
also  of  specific  sensitizers,  or  amboceptors,  which,  entirely  analogous  to  the 
sensitizers  for  cellular  elements,  served  to  make  possible  the  combination of 
alexin, or complement, with the antigen..  In the light of subsequent research,  it 
is  doubtful whether  this  conclusion is  justifiable. 
A  few years  later  (I9O5),  Moreschi  (5), working on antieomplements, con- 
firmed  Gengou's experimental results,  showing  that  such  complement fixation 
occurs  even  when  minute quantities of  antigens are  added  to  their  respective 
antisera, and Neisser and  Sachs  (6)  soon applied this  discovery practically to 
the  differentiation of  proteids  in forensic cases  showing its  delicacy  to  be  far 
greater  than that  of  the precipitin tests.  It  was  Gay  (7),  however,  who  first 
analyzed  this  phenomenon correctly  and  called  attention  to  the  fact  that,  in 
proteid-antiproteid  mixtures  made  in  sufficient  concentration  to  give  visible 
precipitates,  it was  the  precipitates  only that  fixed  complement, while all com- 
plement-binding properties  were  lacking in the  supernatant liquids.  I 
The  question now  arises  whether  complement fixation by  pre- 
cipitates, as  described above,  is  due to a  mechanism entirely anal- 
ogous  to  that  governing a  similar  fixation  by  sensitized  cellular 
elements.  In the latter case, we know that there is a  specific body, 
amboceptor, or sensitizer,--the  latter term is preferable because it 
is  non-committal,--through the mediation of  which the  action  of 
complement upon the antigen is made possible.  This sensitizer is, as 
far as we can tell at present, distinct from the precipitins.  The fact 
that by the co6peration of this sensitizing body alterations may be 
wrought upon the antigen, resulting often in proteid cleavage and 
antigen disintegration,  gives  much importance  to  the  question of 
whether  analogous  sensitizers  are  formed  against  the  unformed 
proteids. 
We may conceive the fixation of complement by precipitates to 
take place in two ways : 
This  observation of  Gay's  is  not  necessarily in  contradiction to  the  well 
established  fact  that  complement may be fixed ,by proteid-antiproteid mixtures 
even  when  the  quantities  in  the  mixtures  are  so  small  that  no  visible  pre- 
cipitate is  formed.  For,  by analogy with the  conditions governing the  mutual 
precipitation of  inorganic colloids,  it  is  not only conceivable but probable that 
actual  visible precipitation occurs  only  when  definite quantitative relationships 
are  maintained.  The fixing complex may, therefore,  be  formed without actual 
precipitation  taking  place  (Arthur  Miiller,  Allgemeine  Chemic  der  Kolloide, 
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I.  There  may be  complete analogy between  the  response  to  im- 
munization  with  formed  cellular elements  and  the  response  to  im- 
munization with unformed proteids.  If the analogy is complete, we 
may  conceive  (I)  ,that  the  precipitin  reaction  is  merely  the  visible 
effect of the  combination  of  an antigen  with  the  sensitizer,  or  (2) 
that  in  the  formation  of  the  precipitate,  this  lysin-like  body  is 
mechanically carried  down,  much as albumen may be carried  down 
with  globulin  in  the  process  of  salting  out  with  ammonium  or 
magnesium  sulphate. 
2.  The  fixation  of  complement  by  precipitates  may  be  a  phe- 
nomenon  per  se,  depending  on  a  mechanism  independent  of  that 
governing  the  reactions  between  formed  antigen-amboceptor-com- 
plement complexes.  In this  case, we  should  have to  look upon the 
albuminolysin  as  a  separate  body  which  may be  present  or  absent 
independently  of  the  presence  or  absence  of  the  cell  amboceptor, 
and  following laws of its own. 
The  problem,  sufficiently  interesting  in  itself,  has  gained  more 
than  a  theoretical  significance  by  the  recent  work  on  anaphyla- 
toxins,  :and  it  was  in  connection  with  studies  on  these bodies  that 
the present observations were made. 
In  Friedberger's  (8)  earlier  experiments,  it  appeared  that  an  acutely toxic 
body  could  be  produced  by  al}owing complement  to  act  upon  washed  serum 
precipitates.  His  subsequent  work and  that  of  others  has  shown  that  similar 
bodies resulted from the action of complement upon sensitized  bacteria. 
It would therefore be of great value if we could  determine by actual experi- 
ment  whether  or  not  the  ~body by  the  aid  of  whick  complement  enters  into 
relation  with  the  serum  antigen  is  identical  with  the  sensitizer  by the  aid  of 
which  its combination with the cell or bacterial antigen is affected. 
Such  information  is  especially  desirable,  since  the  work  of  Neufeld  and 
Dold  (9)  and others seems to show that anaphylatoxin production from bacteria 
does  not go hand  in  hand  with  actual  lysis,  and  a  similar  state  of affairs was 
previously determined  for red blood cells  by Friedemann  (IO).  The details  of 
these investigations,  however, cannot be appropriately considered in the present 
conaeetion. 
Related to, but not identical  with the question  with which  the present paper 
deals  are the investigations  of Neufeld and  Hiihne  (II), who  noticed  that the 
strongly bactericidal  sera of two typhoid patients showed no comglement fixation 
by the  Bordet-Gengou technique,  and concluded  that the bacteriolytic  antibodies 
and  the  complement-fixing "Bordetsche  Antikfrper"  are  quite  distinct. 
Similar  observations  have  been  made  by  Haen.del  (12)  and  by  Toyosumi 
<I3),  and  more recently Torrey  (x4),  working  with  gonococcus  immune  sera, 532  Relation  of  Albuminolysins  to  Precipitin  Reactions. 
noticed  that  antigonococcic  serum  may  contain  fixative  substances  which  bind 
complement  by  the  Bordet-Gengou  method,  and  yet  be  devoid  of  bactericidal 
antibodies. 
In the  work  recorded  in the  following protocols,  the  writer  has 
attempted  to throw some light on the question discussed above,  by 
carefully comparing complement fixation as  it occurs in serum and 
antiserum complexes with that which occurs in the reactions between 
bacterial  antigen  and  antisera,  since  in  the  latter  phenomena  we 
know  definitely  of  the  existence  both  of  precipitins  and  of  lytie 
sensitizers  in  the  immune  sera. 
I° 
The  work was begun by  again going over the  data  concerning 
complement fixation  by  serum-antiserum  reactions  already  accu- 
rately studied by Moreschi,  Gay,  Muir and  Martin  (15),  Neisser 
and Sachs, and others. 
The purpose of the first experiments was to determine, in sheep 
serum-antisheep  serum  mixtures,  the  fixation  of  complement by 
washed  precipitates  and  by  the  supernatant  fluids  over  such 
precipitates. 
I.  Sheep  Serum  plus  Antisheep  Rabbit  Serum.--Rabbit  8o  received  three 
injections  of  2,  5,  and  IO  c.c.  of  sheep  serum  at  six  day  intervals,  and  was 
bled on the eighth day after the last injection.  Precipitin  reactions  were carried 
out  with  o.2  c.c.  of  antisheep  serum  and  diminishing  quantities  of  antigen 
in 4  c.c.  volumes.  After separating  the precipitates  from  the  supernatant  liquid 
by centrifugalization,  they were washed  twice in  salt solution. 
Precipitate  and  supernatant  liquid  were  then  separately  tested  for  comple- 
ment  fixation by adding the  indicated  quantities  of complement,  leaving them at 
40  °  C.  for  two  hours,  and  then  adding  washed  red  blood  cells  saturated  with 
amboceptor. 
The amount  of precipitate  formed  and  the  result of the complement  fixation 
tests  with  this  precipitate  are  shown,  in  the  following table. 
In  the  controls,  o.o5  c.c.  of  complement  hemolyzed  sensitized  red  cells  com- 
pletely in 2o minutes.  The supernatant  liquid in no  case  fixed 0.05  c.c.  of  com- 
plement. 
2.  Sheep  Serum  plus  Antisheep  Rabbit  Serum.--Precipitin  reactions  were 
carried out with o.I c.c. of antisheep  serum  from rabbit 65,  and  with diminishing 
quantities of antigen in 2 c.c. volumes.  The precipitates were washed twice with 
salt  after centrifugalizing and pipetting off the supernatant  liquids.  The  amount 
of precipitate  formed  in  each case  is as  follows: Hans  Zinsser. 
Precipitate 
I.  e.i  e.c.  antisheep  serum +  2  c.c.  sheep  serum  1:50  +++++ 
2.  0.I  c.c.  antisheep  serum +  2  c.c.  sheep  serum  I :i00  +++++ 
3.  o.I  c.c.  antisheep  serum +  2  c.c.  sheep  serum  i :2o0  ++-}-+ 
4.  o.I  c.c.  antisheep  serum +  2  c.c.  sheep  serum  1:5o0  ++++ 
5.  o.I  c.c.  antisheep  serum+2  c.c.  sheep  serum  i:i,ooo  +++ 
6.  o.I  c.c.  antisheep serum +  2  c.c.  sheep  serum  I :3,0o0  ++ 
7.  o.i  c.c.  antisheep  serum +2  c.c.  sheep  serum  1:5,o0o  + 
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x.  0.2  c.c. antisheep serum +  4 c.c. 
sheep serum z :20 
2.  o.2  c.c. antisheep serum +  4 c.c. 
sheep serum x :40 
3- o.2 c.c.  antisheep serum +  4 c.c. 
sheep serum I:ioo 
4.  o.2 c.c.  antisheep serum +  4 c.c. 
sheep serum I:2oo 
5-  o.2  c.c. antisheep serum  +  4 e.c. 
sheep serum I:5oo 
6.  o.2  c.c. antisheep serum +  4 c.c. 
sheep serum I :i,ooo 
7-  o.2 c.e. antisheep serum +  4 c.c. 
sheep serum I:I,Soo 
8.  o.2  c.c. antisheep serum +  4 c,c. 
sheep serum 1:2,ooo 
9-  o.2  c.c.  antisheep serum +  4 c,c. 
sheep serum z:5,ooo 
xo.  o.2 c.c. antisheep serum +  4 c.c. 
sheep serum I :IO,OOO 
Precipitate.  o. 2 c.c. complement.! z.o  5 c.c. complement. 
+++++ 
+++++ 
+++++ 
+++++ 
++++ 
+++ 
++ 
++ 
+ 
Very faint 
turbidity 
No hemolysis 
No hemolysis 
No hemolysis 
No hemolysis 
No hemolysis 
No hemolysis 
Very slight 
hemolysis 
Slight hemolysis 
Distinct 
hemolysis 
Almost complete 
hemolysis 
No hemolysin 
No hemolysin 
No hemolysis 
No hemolysis 
No hemolysis 
No hemolyms 
No hemolyms 
No hemolysls 
No hemolysin 
Slight  hemolysis 
With  the  supernatant  fluid  separated  by  centrifugalization  and  with  the 
washed precipitates,  the  complement fixation tests were made.  In, each  case,  the 
fixation  was  allowed  to  go  on  for  two  hours  at  40  °  C.,  and  then  one  cubic 
centimeter  of  sheep  corpuscles  saturated  with  amboceptor  was  added.  The 
saturation  was  effected  by  adding  an  excess  of  amboc'eptor  to  a  5  per  cent. 
emulsion  of  washed  sheep  corpuscles.  Then,  after  keeping  the  mixture  in  the 
incubator  for  one  hour,  the  corpuscles  were  washed.  On  testing  the  super- 
natant  liquid  from  such  mixtures  with  unsensitized  corpuscles  and  o.I  c.c.  of 
complement,  an  excess  of  amboceptor  was  shown  to  be  present.  The  three 
similar series of complement fixation tests follow. 
SERIES A. 
Washed precipitate from  5 min.  Lo min. 
1 Kept  in  2  C.E.[ 
I.  Antigen dilution I:5o  |  salt  solution W/  None  None 
2,  Antigen dilution I :ioo  I  o.o5 c.c. comple-  I None  None 
3.  Antigen dilution 1:5oo  ~ ment  for  2  hrs.I None  None 
4.  Antigen dilution I :x,ooo ~ at  4o  °  C.,  then}  None  None 
5.  Antigen dilution I:3,ooo |  z  c.c.  of  sensi-  I None  None 
6.  Antigen dilution i :5,ooo [  tized blood cells I None  None 
J  was added.  I 
Hemolysis in 
3omin. 
None 
None 
None 
None 
None 
Very  slight 
Next morning, 
None 
None 
None 
None 
Very slight 
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Supernatant liquid from 
I.  2 c.c. of antigen dilution x :5o 
2.2 c.c. of antigen dilution I :ioo 
3- 2 c.c. of antigen dilution 1:5oo 
4- 2 c.c. of antigen dilution x :x,ooo 
5. 2 c.c. of antigen dilution x :3,ooo 
6. 2 c.c. of antigen dilution 1:5,ooo 
Hemolysis in 
5 min.  xo inin.  3  ° rain. 
None 
None 
Slight 
Distinct 
Distinct 
Distinct 
+  o.o5  -- 
C.C. com- 
plement  I  None 
for 2 hrs./  None 
at 4o  ° C.,  Slight 
then sen- I  Distinct 
sitized  I  Distinct 
red blood /  Distinct 
cells were I 
added.  I 
Distinct 
Complete 
Complete 
Complete 
Complete 
Complete 
Next 
morning. 
Complete 
Complete 
Complete 
Complete 
Complete 
Complete 
Hemolysis  in  all  these  tubes  was  complete  in  forty  minutes. 
Control  with  o.o5  c.c.  of  complement  and  I  c.c.  of  washed  sensitized  corpuscles 
showed  complete  hemolysis in  five  minutes. 
SERIES B. 
Washed precipitate from 
I. Antigen dilution x :5o 
2. Antigen dilution x :xoo 
3. Antigen dilution 1:50o 
4. Antigen dilution i :i,ooo 
5. Antigen dilution x :5,ooo i 
+  o.I5 c.c. com- 
plement  for  2 
hours at 4o  °  C., 
then sensitized 
red corpuscles 
were added. 
Hemolysis in 
5 mill. 
None 
None 
None 
None 
None 
xo min.  I  30 mm.  Next 
--  morning. 
None  None  None 
None  None  None 
None  None  None 
None  Slight  Almost 
complete 
Very  /  Distinct  I Complete 
slight 
Supernatant fluid of 
5 min. 
I. Antigen dilution x :50  ]  Very 
L 
+  o.I5 c.c. corn-  slight 
2. Antigen dilution I :IOO  plement  for  •  Very 
hours at 4o  °  C.,  slight 
l then sensitized  3. Antigen dilution x :5oo  Distinct 
4. Antigen dilution i :i,ooo  red  blood  cells  Distinct 
5. Antigen dilution x :3,000  were added.  Distinct 
6. Antigen dilution z :5,000 )  Distinct 
Hemolysis in 
~o min.  .__33o  rain. 
Marked  / C°mplete[ 
Almost  I 
complete I C°mpletel 
Complete / Complete  I 
Complete I Complete I 
Complete / Complete t 
Complete]  Complete] 
Next 
morning. 
m 
Control  with  o.15  c.c.  of  complement  showed  complete  hemolysis  in  five 
minutes. 
It  was  furthermore  determined  by  experiments  too  simple  to 
require  tabulation  that  none  of  the  complement-fixing  elements 
could be washed out of the precipitates  with  salt  solution. Hans  Zinsser.  535 
SERIES C. 
Washed  precipitate from 
I. Antigen dilution 1:5o 
2. Antigen dilution I :ioo 
3. Antigen dilution 1:500 
4. Antigen dilution x :x,ooo 
5. Antigen dilution 1:3.000 
6. Antigen dilution 1:5,ooo 
+  0.03 c.c. com- 
plement  for  2 
hours at 40  ° C., 
then sensitized 
blood cells were 
added. 
Hemol' ,sis in 
5  rain. 
None 
Very 
slight 
Slight 
Distinct 
Distinct 
Distinct 
Io rain. 
None 
YIarked 
Almost 
complete 
Complete 
Complete 
Complete 
3 °  min.  Next 
morning. 
I 
None  None 
Marked  Complete 
Complete  -- 
Complete 
Complete 
Complete  -- 
Supernatant  fluid from 
I.  Antigen  dilution  I:5O  ~  +o.o2  c.c.  of  ] 
2.  Antigen  dilution  I :IOO  [ 
complement  for  2]  3.  Antigen  dilution  1:5oo  [ 
4.  Antigen dilution  I :I,OOO I'  hours  at  40  °  C., 
then  sensitized  ] 
5.  Antigen  dilution  1:3,0oo  [  cells  were  added  } 
6.  Antigen  dilution  1:5,ooo j 
Control with 0.02  c.e.  of  complement showed complete  hemolysis in  forty-five 
minutes.  The  supernatant fluid  from series C  was treated with less complement, 
since in series B  with o.15  c.c.  of complement no inhibition had been evident. 
From  the  preceding experiments  and  others  like  them,  it  was 
evident that, as Gay, Moreschi, and others have shown, washed pre- 
cipitates  from  serum-antiserum mixtures  possess  the  property  of 
fixing complement, and that the degree of such fixation is roughly 
proportionate to the bulk of the precipitate. 
Except  for  occasional  slight complement fixation by  the  super- 
natant fluids of the tubes in which the largest quantities of antigen 
had been used, the fixing power resided entirely in the precipitates. 
It  is  not possible to  state with certainty the cause  of  the occa- 
sional slight fixation by these supernatant fluids.  However,  since 
Gay has shown that precipitate redissolved by an excess of antigen 
does not lose its  power of fixing complement, it may wetl be that 
the  excess of  antigen in  the  tubes  in  question accounted  for  this 
phenomenon. 
II. 
It  was  desirable  next  to  carry  out  with  bacterial  antigen  and 
antibacterial serum experiments analogous to the preceding, in order 
that a  comparison of the conditions in such cases  with those pre- 
vailing in the serum-antiserum experiments might be made. 
Tubes  I,  2,  and 3  were  in- 
completely  hemolyzed  on  the 
next  day.  Tubes 4,  5,  and 6 
were  completely  hemolyzed 
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In  all  protocols given below,  the  antigen  used  consisted  of  an 
alkaline broth  filtrate  of  typhoid cultures.  The  cultures  in  flasks 
were allowed to stand in the incubator  for eight weeks, and were 
then filtered through Berkefeld candles.  The  antisera  used  were 
obtained  from  rabbits  that  had  received  five  or  six  intravenous 
injections of dead typhoid bacilli and had been bled seven or eight 
days after the last injection.  Throughout the experiments the same 
strain of typhoid bacilli  (Bacillus typhosus 65)  was used both for 
immunization and antigen production. 
The preliminary experiments were intended merely to determine 
the relative powers of complement fixation possessed by precipitates 
and supernatant fluids resulting from mixtures of bacterial antigen 
and antiserum. 
Experiment z.  Typhoid  Antigen and Antityphoid  Serum.--A series of tubes 
was  prepared  each  containing 2  c.e.  of  the  typhoid  filtrate  and  o.I  c.c.  of  in- 
activated serum of rabbit 76, bled one week after receiving the sixth injection of 
typhoid bacilli, 
In  all  these  tubes  after  fifteen  minutes  at  40  °  C.  there  appeared  a  distinct 
turbidity  which grew  deeper  during  the next  two  hours.  The tubes  were  then 
set away in the refrigerator until the next morning.  At that time centrifugaliza- 
tion at  high speed was  used to separate a  clear  supernatant  liquid  from a  very 
slight white granular  precipitate.  This  latter was washed twice in  salt  solution 
and  re~mulsified in 2  c.c.  of  physiol,ogical salt  solution. 
The  following complement fixation  tests  were  then  carried  out: 
A. 
I.  Washed precipitate +o.o5 c.e. complement I  Kept at  4  °0  C. 
2.  Washed precipitate q-o.I  c.c. complement ] for 2 hours, then 
3.  Washed precipitate +o.I5 c.c. complement ~ I  c.c.  of  sensi- 
4.  Washed precipitate +0.2  c.e. complement |  tized  red  blood 
5.  Washed precipitate +0.3  c.c. complement J cells was added. 
Hemolysis in 
Next 
x hour.  morning. 
None  Very slight 
Distinct  Complete 
Complete 
Complete 
Complete 
A  large number of  experiments like the preceding, but varying 
somewhat in  quantitative  relationships,  all  brought  out  the  point 
that the experiments with bacterial antigen and antiserum differed 
in an important way from those with serum-antiserum, for in the 
former,  distinct  complement-fixing properties  were  manifest  not 
only in the precipitates, but also in the supernatant liquids. Hans  Zinsser. 
B. 
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z.  Supernatant liquid (from A,  I.) / 
+  0.o5 c.c. complement  / 
2.  Supernatant liquid (from A, 2.) 
+  o.I  c.c. complement  | 
3.  Supernatant liquid (from A, 3.) 
+  o.x5 c.c. complement  | 
4.  Supernatant liquid (from A, 4.)  | 
+  0.2  c.c. complement  | 
5.  Supernatant liquid (from A, S.)  J 
+  0.3  c.c. complement  ) 
Kept  at  40  °  C.  for  2 
hours,  then  x  c.c.  of  sen- 
sitized red  blood  cells was 
added. 
Hemo| 
z hour. 
None 
None 
Very 
slight 
Complete 
Complete 
sis in 
Next 
morning. 
None 
None 
Complete 
Complete 
Complete 
Controls  showed  that  no  complement  fixation  took  place  with  the  rabbit 
serum alone or  with  antigen  alone. 
Since,  however,  the  total  quantity  of  complement  absorbed  by 
both  precipitate  and  supernatant  liquid  in  these  experiments  was 
very small, it seemed to the writer not unlikely that there might be 
present in the supernatant fluid a  considerable excess of free ambo- 
ceptor.  In  order to  ascertain  this  definitely,  a  number of  experi- 
ments were carried out.  The following is a  typical one. 
Experiment 2.--To  determine the presence of  an excess of amboceptor  in  the 
supernatant  fluids  of  the  bacterial  precipitin  tests,  o.I  c.c.  of  antityphoid  serum 
of  rabbit  91  was  added to  2  c.c.  of  antigen filtrate  in each of  a  number  of  tubes. 
These tubes were kept at 4o  °  C.  for two  hours, by which time  a  distinct turbidity 
had  appeared.  They were  then placed  in  the  ice  chest over night,  and  after  this 
the  mixtures  were  centrifugalized,  the  supernatant liquid  decanted,  and  the  pre- 
cipitate,  which  was  very  slight,  was  washed.  The  following  tubes  were  then 
prepared : 
Hemolysis 
after 2 hours. 
I.  Washed precipitate +o.I  c.c.  complement'~ After  2  hours  at  4 o° C.  sensitized  f  None 
2.  Washed precipitate +  0.2 c.c. complement f  cells were added.  "~ Very slight 
3.  Supernataut fluid  +  o. I  c.c.  complement)  I" None 
4.  Supernatant fluid  +  o.2 c.c. complement}- After  2  hours at  4 o° C,  sensitized ~ Very slight 
5.  Supernatant fluid  +  o.3 c.c. complement )  ceils were added.  (  Marked 
2 hours at  f Hemolysis. 
o  ±~one  6.  Supernatant fluid  ~-- :z c.c. antigen)  Kept  ~ +o. 3 c.c. complement' 4 °  C.,then |,, 
78  1 Supernatant fluid  -4- 2 c.c. antigen [  for I  [  +0.4  c.c.  complement  • •  ~  t  2~one  sensltlzea ~,  ,.  ,  Supernatant fluid  +  2 c.c. antigen |  hour at[ +0.5 c.c. complement  .  t  very sugnt  cells were  9.  Supernatant fluid  +  2 c.e. antigen J  4 O° C. J  +0.6  c.c.  complement  added,  t  C°mplete 
In tubes 6,  7,  8,  and 9  of the protocol given above,  it is evident 
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mixtures of o.I  of a  cubic centimeter of serum and two cubic centi- 
meters  of  antigen  from  which  the  precipitates  had  been  removed, 
resulted in a considerable enhancement of the fixing power.  Similar 
results ,were obtained  when instead  of antigen  filtrate,  washed bac- 
teria were added to the tubes of supernatant fluid.  Since, of course, 
the  antigen  alone  did  not  fix  complement,  the  deduction  must  be 
made that an excess of amboceptor in the original  supernatant  fluid 
accounted  for  its  limited  fixing  power. 
In  tubes  in  which  the  addition  of  more  antigen  to  the  super- 
natant  fluid gave rise to a second  faint precipitate,  a  separate deter- 
mination  of the  complement-binding  properties  of this  second  pre- 
cipitate  (it  never  fixed  more  than  o.o  5  of  a  cubic  centimeter  of 
complement)  showed  that  such  a  precipitate  did  not  account  for 
the  discrepancy. . 
III. 
Since, in the case of the bacterial precipitin  tests, it had  been estab- 
lished that  not only the precipitates,  but also the supernatant  fluids 
possessed  complement-binding .properties,  it  seemed  to  the  writer 
that  it  might  be possible  to  determine  whether  or not the  comple- 
ment fixation of the precipitates and that of the supernatant  liquids 
depended  upon  one  and  the  same  mechanism.  For,  if  this  were 
the  case,  the  removal  of the  precipitate  should  leave behind  in  the 
supernatant  liquid  less  of  the  complement-binding  body  than  was 
present  in the  original  amount  of serum  used.  In  other words,  in 
the presence of bacteria washed until the washings  showed no trace 
of dissolved antigen,  the  supernatant  fluid should possess less com- 
plement-fixing power than the corresponding amount of the original 
serum. 2 
On the  other hand,  if the complement  fixation  by the precipitate 
is  due to a  mechanism  having  no  relation  to the  one  in  the  super- 
natant  fluid, the  latter,  in  the  presence  of washed  bacteria,  should 
fix as much complement as a corresponding amount of serum would 
fix under similar  conditions. 
The experimental  approach to this problem required much repeti- 
tion,  and several methods of procedure were employed.  These will 
be described separately. 
This  was  determined by  adding  antiserum  and  complement to  the  washings 
and testing for fixation with sensitized ceils  in the usual  way. Hans  Zinsser.  539 
Experiment 1.--In these experiments were used inactivated antityphoid serum 
77a, antigen  filtrate  from  six  weeks'  broth  cultures  of  B.  typhosus  65,  fresh 
guinea pig  serum  for  complement,  and  twenty-f.our  hour  agar  slant  cultures  of 
B.  typhosus  65  for  the bacteria~l emulsions. 
By  preliminary  experiments,  a  determination  was  made  of  the  amount  of 
emulsion  of  washed  bacteria  necessary  to  saturate  completely  the  complement- 
fixing bodies contained in 0.05  c.c.  of serum 77a.  This was  done by determining 
the total quantity of complement absorbed in several series  of tubes. 
In  one series  each tube  contained o.o5  c.c.  of serum 77a  and  washed  bacteria 
from 2  agar slants in 2  c.c.  of  salt solution.  These tubes were allowed to  stand 
at 4o  °  C.  for  I  hour;  then complement rangir~g from o.5  c.c.  upward  was  added 
to  each  tube  and,  after  2  hours  at  4o  °  C.,  sensitized  red  cells  were  added.  In 
another  series,  the  tubes  contained  o.05  c.c.  of  serum  77a and  washed  bacteria 
from  3  slants  in  2  c.c.  of  salt  solution.  Complement  was  again  added  in  the 
same  way,  and  was  followed  by  sensitized  cells. 
It was  found that, when o.o5 c.c.  of the serum was  used,  addition of bacteria 
in  excess  of  two  slants  no  longer  enhanced  the  complement-fixing  properties. 
In the presence of this quantity of washed bacteria,  8 o.o5 c.c.  of serum 77a caused 
complete  fixation  of  o.6  c.c.  of  complement. 
These  preliminary  determinations  having  been  made,  the  actual  experiment 
was  carried  out  as  follows: 
A  series  of  tubes  was  prepared,  each  of  which  contained  2  c.c.  of  antigen 
filtrate, and o.I  c.c.  of  serum 77a.  Turbidity  appeared  in  five minutes,  and  was 
deeper  in  one  hour.  After  twelve  hours  in  the  refrigerator,  a  slight,  granular 
precipitate  had  settled  down,  which  was  separated  by  centrifugalization.  This 
precipitate  was  washed  with  2  c.c.  of  salt  solution,  and  the  washings  were 
added  to  the  supernatant  fluid.  The  latter  then  represented  o.I  c.c.  of  the 
original serum  in  a  4  c.c.  volume. 
Tubes  were  then  prepared  as  follows: 
SERIES  I. 
I.  2  c.c.  supernatant fluid  (representing 0.05  c.c.  serum) 
+  washed  bacteria 
2.  2  c.c.  supernatant fluid  (representing o.o5  c.c.  serum) 
+  washed bacteria 
3.  2  c.c.  supernatant fluid  (representing o.o5 c.c.  serum) 
+  washed bacteria 
4.  2  c.c.  supernatant fluid  (representing 0.o5 c.c.  serum) 
+  washed bacteria 
5.  2  c.c.  supernatant fluid  (representing o.o5  c.c.  serum) 
+  washed bacteria 
.Kept  for  I  hour 
at4o °  C. 
To  these  tubes  complement  was  then  added  as  follows: 
a The  darker  color  which  the  blood  emulsion  usually  takes  in  the  presence 
of  typhoid  bacilli,  does  not  interfere  with  accurate  readings.  However,  the 
surprising  fact  that  washed  typhoid  bacilli  will  by  themselves  occasionally  fix 
small amounts of complement, must be controlled.  This fixation never exceeded 
o.o5  or  o.oo25  c.c.  of  complement,  but  is  mentioned here  because  it was  on  one 
or  two  occasions  unmistakable  and  is  quite  at  variance  with  our  usual  con- 
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I.  As above +  0.6  c,c.  complement ] 
2.  As above +  0.65  c,c. complement / 
3.  As above +  0.7  c.c.  complement I  Kept  for  2  hours  at 
t 4°°  C.,  then  sensitized 
4. As above +  0.75  c.c. complement |  red ceils were added. 
5.  As above +  0.8  c.c. complement 
Hemol 
After x hour. 
None 
Slight 
Slight 
Marked 
Almost 
complete 
rsis 
Next 
morning, 
None 
Distinct 
Almost 
complete 
Complete 
Complete 
SERIES  II. 
I.  o.05  e.c.  serum 77a  in  2  c.c.  salt  solution-t-washed bacteria 1 
2.  o.o5  c.c.  serum 77a  in  2  c.c.  salt  solution-[-washed bacteria ] 
3.  o.o5  e,c.  serum 77a  in  2  c.c.  salt  solution -t- washed bacteria ~-i 
4.  o.o5  c,c.  serum 77a  in  2  e.c.  salt  solution W washed  bacteria [ 
5.  o.05  c.c.  serum 77a  in  2  c.c,  salt  solution W washed  bacteria J 
Complement  was  then  added  as  follows: 
hour at 40 ° C. 
I.  As above "b 0.6  c.c.  complement / 
2.  As above -t- o.65  c.c. complement ]  Kept  for  2  hours  at 
3.  As above -[- o.7  e.c.  complement ~  40  ° C., then sensitized red 
4.  As above q- o:75  e.c.  complement ] ce!ls were added. 
5.  As above -b 0.8  c.c.  complement j 
Hemolysis 
After i  hour.  Next 
morning. 
None  None 
None  Slight 
Very  slight  Marked 
Marked  Complete 
Complete  Complete 
A  comparison  between  series  I  and  II  shows  that  the  complement  bound 
by  the  two  series  is  almost  identical,  the  difference  being  well  below o.o5  c.c.  of 
complement. 
The  precipitate  from  the  same  experiments  showed  complement  fixation  as 
follows : 
I.  Washed precipitate from o.I e.c. of original serum -}- 0.05 c.c. 
of complement 
2.  Washed precipitate from o.I c.c.  of original serum --k o.I  c.c. 
of complement 
3.  Washed precipitate from o.i e.c. of original serum q- o.I5 c.c. 
of complement 
4.  Washed precipitate from o.i c.c.  of original serum -[- o.2  c.c. 
of complement 
Hemolysis 
After z hour.  Next 
morning. 
None  None 
None  None 
Very 
None  slight 
Distinct  Complete 
By  dividing  these  results  in  half,  we  see  th~at the  precipitate  from  0.05  c.c. 
of  the  original  serum  fixes  more  complement  than  that  indicated  by  the  slight 
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Nevertheless,  because  of  the  experimental  difficulties  and  the 
slight quantitative differences, the above results, which were selected 
as  a  fair example  from a  large  number  of experiments,  were not 
taken as final. 
It was deemed desirable to devise a method by which more exact 
uniformity could be attained.  For this reason a  number of experi- 
ments were carried out by the following methods: 
Experiment  2.--The  same  materials  were  used  as  in  experiment 1.  In  two 
centrifuge tubes  the  following mixtures  were  mad'e: 
(A)  IO c.c.  of antigen filtrate  +  0.5  c,c.  of  serum 77a. 
(B)  IO c,c.  of salt solution +  o.  5 c.c.  of serum, 77a. 
In tube  A,  a  turbidity appeared  which  was  allowed  to  deepen  for one  hour 
at  4  °0  C.,  after  which  the  tubes  were  put  into  the  refrigerator  until  the  next 
morning.  The  precipitate  was  then  thrown  down  by  the  centrifuge  and  the 
supernatant  fluid pipetted  away.  This  supernatant  fluid  then  represented  o.o5 
c.c.  of  serum  7za  in each  I  c.c.  volume,  or  0.025  c.c.  of  serum  in  each o.5  c.c. 
volume. 
SERIES  I. 
In each of a  series of tubes, 0.5  c.c. of the supernatant fluid was added to an 
emulsion of  one agar  slant  of  washed bacteria.  These  mixtures  were  kept  at 
4  °0  C.  for  one  hour.  To  these  tubes  were  then  added  varying  quantities  of 
complement, and  fixation  was determined as  follows: 
I.  As above +  0.2  c.c. of complement 
2.  As above +  o.25 c.c. of complement 
3.  As above +  0.3  c.c. of complement 
4.  As above +  o.35 c.c. of complement 
5.  As above +  0.4  c.c. of complement 
Kept for ~ hours at 
4  o° C., then sensitized 
red cells were added. 
Hemolysis 
After t hour. 
None 
None 
None 
Very slight 
Slight 
Next 
morning. 
None 
None 
None 
Slight 
Distinct 
The  results  in  experiment 2  differ  from  those  in  experiment  1  on  account 
of  the  fact  that,  although  other  ingredients  were  the  same,  a  different lot  of 
complement was  used. 
SERI~S II. 
With  the  contents  of  tube  B,  a  similar  series  of  complement  fixation  tests 
were carried out.  In  this  series, o.5  c.c.  of the serum salt solution mixture was 
mixed with an  emulsion of washed bacteria an4 left for one hour at 4  °0  C. 
In the example given above, series i  (containing the antigen filtrate)  seems to 
have  exerted slightly greater  fixing powers than  series II; but  in  other  experi- 
ments,  series  n  at .times  seemed to  have fixed more  complement than  series I. 
It was necessary therefore to take into consideration all  fluctuations, these being 
due  to  apparently  unavoidable  experimental  errors.  When  this  was  done,  the 542  Relation  of  Albuminolysins  to  Precipitin  Reactions. 
I.  A8 above +0.2  c.c. of complement 
2.  Am above +  0.25 c.c. of complement 
3.  A8 above +o.3  c.c. of complement 
4.  As above +o.35 c.c. of complement 
5.  As above +  o.4  c.c. of complement 
Kept for 2  hours at 
400 C.,  then sensitized 
red cells were added. 
Hemolysis 
After z hour.  Next 
morning. 
None  None 
None  None 
None  Slight 
Very  slight  Distinct 
Marked  Almost 
complete 
results  pointed  definitely  to  the  conclusion  that  the  mechanism  by  which  com- 
plement is fixed to the washed bacteria is not impaired or diminished by removal 
of  the  precipitate,  and  is,  therefore,  independent  and  distinct  from  that  which 
fixes  complement  to  the  precipitate. 
Although  the  above  experiment's,  in  their  frequent  repetitions. 
appeared  almost  conclusive,  nevertheless  it seemed  wise  to  gain  still 
greater  assurance  by another  method  of approach.  For  this purpose 
experiments  were  carried  out  of  which  the  following  is typical. 
Experiment 3.--A.  In  a  bacterial  precipitin  reaction, 0.5  c.c. of  serum  84 was 
added to 9.5 c.e. of typhoid antigen  filtrate, as above.  After IO minutes  marked 
turbidity had  appeared,  and this became somewhat  deeper after two hours  in the 
incubator.  B.  In  another  test  tube,  o.5  ¢.c.  of  the  same  serum  was  added  to 
9.5  c.c.  of  salt solution, and both  tubes  were kept  in the refrigerator over night. 
On  the  following  day,  the  granular  precipitate  was  removed  from  tube  A 
by  centrifugation.  Tube A  then  contained' in  IO c.c.  the constituents  of o.5 c.c. 
of  serum  84  mitres the bodies  which  had  gone  into  the precipitate,  and  tube  B 
contained  in.  IO c.¢.  the  unchanged  constituents  of o.5  c.c.  of  serum  84. 
Parallel sets of dilutions of A  and B  were then carefully made as follows : 
I.  I  c.c.  representing 
2.  I  c.c.  representing 
3.  I  c.e.  representing 
4-  I  c.c.  representing 
5-  I  c.c.  representing 
6.  I  c.e.  representing 
7.  I  c.c.  representing 
To  each  tube  was  added  I  c.c. 
complement,  for 
0.o5  e.e.  of  original  serum. 
o.oi  c.c.  of  original  serum. 
o.o05  e.c.  of  original  serum. 
o.0o25  e.e.  of  original  serum. 
o.oooi  c.c.  of  original  serum. 
0.ooo05  c.c.  of  original  serum. 
o.oo~I  e.c.  of  original  serum. 
of  typhoid  antigen  filtrate  and  0.05  c.c.  of 
greater  accuracy  in  measuring  the  latter  being  added  in  a 
dilution  of  I:Io.  The  two  series  thus  prepared  were  kept  at  4  °0  C.  for  two 
hours.  At  the  end  of  this  time,  I  c.c.  of  washed  red  cells  saturated  with 
amboceptor  was added  to each tube.  The series were then carefully observed at 
intervals of ten minutes  to determine whether  there was exact parallelism in the 
speed  of hemolysis,  and  final readings  were taken  twelve hours  later.  Complete 
parallelism  between  the  two  series  could  be  established' in  a  number  of  experi- 
ments,  showing  that  the  amboceptor,  or  sensitizer  contents  of  the  serum  in 
tube A  had not been altered by the removal of the precipitate, thus corroborating 
the  results  of  experiment 2. Hans  Zinsser.  543 
The  precipitates  from  tube  A  in  each  of  three  experiments  caused  complete 
fixation of  o. 5  to 0.6  c.e.  of  complement. 
IV. 
The experiments recorded in the preceding protocols have shown 
that the removal of the precipitate from reaction mixtures of typhoid 
antigen and antityphoid serum did not quantitatively detract from 
those bodies by means of which complement is fixed to the whole 
bacteria.  In  the  method  of  experimentation  employed,  however, 
one important question was left unclear.  If it is granted that the 
body which fixed complement in the precipitate, and the amboceptor, 
or sensitizer, which fixed it to the washed whole bacterial cell, are 
not  identical,  it  is  still  important  to  determine  whether,  in  the 
absence of dissolved bacterial proteid, the fixing body of the pre- 
cipitin reaction can be bound,  together with this  sensitizer,  to the 
bacterial cell.  In other words, when inactivated immune serum is 
added directly to washed whole bacteria, do the bacterial cells bind 
both lyric amboceptor, or sensitizer, and that body which, in experi- 
ments otherwise conducted, binds complement in precipitates?  To 
solve this  question,  a  number of experiments were carried out  as 
follows : 
Experiment  I.--Antityphoid  serum  84,  inactivated at  56  °  C., B.  typhosus 65, 
and  typhoid  antigen  filtrate were  employed. 
Of  the  immune  serum,  o.I  c.c.  was  added  in  a  centrifuge  tube  to  typhoid 
bacilli from five slams,  washed five times in salt solution and  emulsified in  I  c.c. 
of  salt  solution.  The  mixture  was  allowed  to  stand  for  three  hours  at  room 
temperature, and then over night in the refrigerator at a  temperature between 2 ° 
and  5 °  C.  At  the  end  of  this  time  the  mixture  was  centrifugalized  until  the 
supernatant  fluid was  entirely clear. 
A  complement  fixation  test  now  showed  that  o.5  c.c.  of  complement  was 
completely  fixed  by  the bacteria  from  the above  mixture,  indicating,  as  was  to 
be expected, that a  large amount of amboceptor had become attached  to them. 
To the supernatant fluid was then added 2  c.c.  of the typhoid antigen filtrate, 
and controls were made as follows: 
I.  Experiment.  Supernatant  fluid  from  above  I.I  c.c. 
Typhoid  antigen  filtrate  2.o  c.c. 
2.  Control.  Antiserum  84  o.I  c.c. 
Salt  solution  I.O  c.e. 
Typhoid  antigen  filtrate  2.0  c.c. 
3.  Control.  The  same as  2. 544  Relatio)~  of  Albuminolysins  to  Precipitin  Reaction, s. 
After ten minutes  at  4 °° C.,  all these  tubes  had  become turbid, 
showing that  in  tube  I  the previous  treatment with  washed  whole 
bacteria had not deprived the o.I  c.c. of the serum of the precipitin 
factor.  It  was  noticeable,  moreover,  that  the  precipitate  was 
slightly more rapid in forming and heavier in final result than that 
of the control tubes.  This peculiarity, reappearing to a  greater or 
lesser degree in all  of four experiments, will be more fully studied 
in another series of experiments. 
The  precipitate  from  tube  I  as  well  as  those  from  the  control 
tubes  2  and  3,  completely fixed o.75  c.c.  of  complement, showing 
that  in  the  point  essential  to  our  present  investigation,  these  pre- 
cipitates  were  identical. 
We have, however, not yet made experiments in  which we have 
succeeded  in  completely  removing  all  cell  amboceptor  from  the 
antiserum  by  treatment  with  whole  bacteria.  This  is  due  to  the 
fact  that  we did  not  wish  to  risk the possible  solution  of typhoid 
proteid by carrying out the preliminary exposure of serum to bac- 
teria at 40 ° C.  This,  however, will be done later for a  more com- 
plete study of this  feature of the  work, but  we do n.ot consider it 
essential for elucidation of the point at present under discussion. 
These  experiments  show  satisfactorily  that  the  precipitin  body, 
being  in  no  degree  removed  from  serum  by  exposure  to  whole 
bacteria,  is  not  identical with the amboceptor  (or  sensi'tizer body) 
which reacts with the bacterial cell. 
V. 
SUMMARY  AND  CONCLUSIONS: 
The  writer  believes  that  the  experiments  above  recorded  have 
demonstrated the following points : 
I.  As has been previously shown by other workers,  complement 
is fixed by the precipitate formed in the reaction between unformed 
proteid  and  its  homologous  antiserum,  and  it  is  the  precipitate 
only which fixes, the supernatant fluid being devoid of fixing power 
except to a  slight degree in tubes very rich  in antigen.  This latter 
fixation is  probably  due to  a  redissolving of the precipitin-precipi- 
tinogen complex which, as Gay has shown, does not lose its  fixing Hans  Zinsser.  545 
power  on  resolution.  The  fixation  of  complement by  mixtures  in 
which antigen  is  so slight in amount  that  no  precipitate  is  formed 
may be explained by analogy with colloidal reactions in which com- 
bination of colloids takes place without precipitation unless definite 
quantitative  relations  are  maintained. 
2.  In  contrast to  the  results  above  described,  precipitating mix- 
tures of bacterial  antigen and antiserum show complement fixation 
both  by  the precipitate and  by  the Supernatant  fluid. 
3.  The  complement  fixation  by  the  supernatant  fluid  of  such 
bacterial  precipkin  reactions,  with  the  precipitate  removed,  is,  in 
the presence of washed bacteria,  equal to that exerted by the same 
amount  of  the  original  serum.  The  complement  fixation  of  the 
precipitates,  here,  as  in  serum-antiserum  tests,  is  proportionate  to 
the bulk of the precipitate. 
4.  The precipitin body is not removed from a bacterial antiserum 
by  treatment  with  washed  whole bacteria,  whereas  the  ceil  sensi- 
tizer or amboceptor is  removed by such  treatment. 
The  writer  believes  that .the  work  recorded  above  justifies  Gen- 
gou's  conclusion  that  an  albuminolytic  sensitizer  is  formed  in 
response to immunization with unformed proteids.  This sensitizer, 
or amboceptor,  is,  however,  distinct  and  independent of the  sensi- 
tizer that reacts specifically with either bacterial  or other cells. 
It would appear that immunization with unformed proteids calls 
forth only the  formation of these albuminolysins, while immuniza- 
tion with cells, in our case the typhoid bacillus, calls  forth both the 
cytolytic and  the  albuminolytic sensitizers. 
The albuminolytic sensitizers  are  not carried  down mechanically 
with the precipitates in the precipitin reactions.  We see no reason 
for  not considering them identical  with the precipitins themselves, 
bodies  which combine with  the dissolved antigens  and,  as  in other 
colloidal  reactions,  lead  to  precipitation  ychen definite  quantitative 
relations are observed. 
The  undiminished  precipitating  value  of  a  bacterial  antiserum 
after  considerable  amounts  of bacterial  amboceptor have  been  ab- 
sorbed  out  of  it,  would  point  against  the  identification  of  agglu- 
tinins  with precipitins.  However,  this  question must be  subjected 
to further study. 546  Relation  of  Albuminolysins  to  Precipitin  Reactions. 
It  is  thus  clear  that  only the  cytolytic sensitizer  can  enter  into 
combination with the washed bacterial cell, while it is probable that 
both  cytolytic and  albuminolytic sensitizer  may combine  with  the 
dissolved  ingredients of a  bacterial filtrate.  Whether or  not  they 
combine  with  the  same constituent  of  such  an  antigen  cannot be 
decided by our experiments. 
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